Background Age-related change of spinal alignment in the standing position is known to be associated with decreases in walking speed, and alteration in muscle quantity (i.e., muscle mass) and muscle quality (i.e., increases in the amount of intramuscular non-contractile tissue) of lumbar back muscles. Additionally, the lumbar lordosis angle in the standing position is associated with walking speed, independent of lower-extremity muscle strength, in elderly individuals. However, it is unclear whether spinal alignment in the standing position is associated with walking speed in the elderly, independent of trunk muscle quantity and quality. The present study investigated the association of usual and maximum walking speed with age, sagittal spinal alignment in the standing position, muscle quantity measured as thickness, and quality measured as echo intensity of lumbar muscles in 35 middle-aged and elderly women.
Introduction
Walking speed decreases with aging [1] , which leads to a decline of daily activities [2] , falls [3] , and survival prognosis [4] . Therefore, it is important to identify the risk factors of decreased walking speed to prevent the decline of walking ability in elderly individuals.
Sagittal spinal alignment in the standing position also changes with age-related increased kyphosis [5, 6] and pelvic posterior inclination [5] . It has been demonstrated that changes of spinal alignment in the standing position is associated with a decrease in trunk extensor strength [7] , but not with trunk flexor strength [8] , in middle-aged and elderly women. Thus, previous studies suggested that age-related changes of spinal alignment in the standing position may be associated with back muscles rather than abdominal muscles.
Recently, it was determined that muscle quantity or muscle mass can be assessed from muscle thickness (MT) [9] using a non-invasive ultrasound imaging device. A non-invasive ultrasound imaging device is plausible for use in muscle thickness measurements to estimate muscle mass and in muscle echo intensity (EI) measurements to estimate the amount of intramuscular non-contractile tissue [10, 11] (i.e., adipose and fibrous tissue). It has been verified that muscle mass and the amount of intramuscular non-contractile tissue on ultrasound imaging are associated with muscle strength in middle-aged and elderly women [12] . Furthermore, our previous study [13] using an ultrasound imaging device has demonstrated that an increase in thoracic kyphosis in the standing position is associated with a decrease in the mass of the lumbar erector spinae muscle. Our study also has demonstrated that an increase in pelvic posterior inclination is associated with a decrease in the mass of the psoas major muscle and an increase in the amount of non-contractile tissue within the lumbar multifidus muscle.
It has been demonstrated that age-related decreases in the lumbar lordosis angle and decreases in lower-extremity muscle strength, such as knee extensor strength, are both independent variables associated with decreases in maximal walking speed in elderly individuals [14] . However, there have been no studies that have focused on whether spinal alignment in the standing position and trunk muscle quantity and quality are independently associated with walking speed. Therefore, it is unclear whether spinal alignment in the standing position, such as increased kyphosis and pelvic posterior inclination, or quantitative and qualitative changes in lumbar back muscles, such as decreases in muscle mass and increases in the amount of non-contractile tissue, influence walking speed in elderly individuals. Furthermore, it is also unclear which quantitative or qualitative change in individual muscles of lumbar back muscles are associated with decreased walking speed.
Therefore, the aims of present study are to investigate the association of walking speed with sagittal spinal alignment in the standing position, muscle mass, and the amount of non-contractile tissue of lumbar back muscles measured using an ultrasound imaging device in middleaged and elderly women.
Materials and methods

Participants
The subjects were 35 healthy middle-aged and elderly women (mean age 72.9 ± 7.4 years) who were living independently in Kyoto, Japan. The subjects' characteristics are presented in Table 1 . Participants were excluded if they had ongoing low back pain or a history of low back pain lasting 3 months or more in the past; orthopedic, neurological, respiratory, or circulatory disorders; or previous spinal surgery.
The protocol was approved by the Ethics Committee of the Kyoto University Graduate School and Faculty of Medicine. All participants provided written informed consent.
Measurement of walking speed
The usual and maximal walking speeds were determined over a 6-m distance. Participants were provided with 2 m to accelerate and decelerate before and after the test distance. The walking time of the 6-m distance was recorded using a stopwatch, and walking speed (m/s) was calculated. The participants were not allowed to use canes or walkers.
Measurement of spinal alignment in the standing position
Sagittal spinal alignment in the standing position (thoracic kyphosis, lumbar lordosis, and sacral anterior inclination angle) was measured using the Spinal Mouse (Index Ltd., Tokyo, Japan), based on a previous study [13] . The Spinal Mouse was guided along the midline of the spine, starting at the C7 spinous process and finishing at S3. The thoracic MT muscle thickness, EI muscle echo intensity, SD standard deviation kyphosis angle was calculated from the sum of 11 segmental angles from Th1/2 to Th11/12. The lumbar lordosis angle was calculated from the sum of six segmental angles from Th12/L1 to L5/S1. The sacral anterior inclination angle was calculated from the difference between the sacral angle and the vertical plane. Spinal alignment was measured three times, and the mean value was used for analyses.
Ultrasound measurement
MT and EI were measured to evaluate muscle mass and the amount of intramuscular non-contractile tissue, respectively. MT and EI of lumbar back muscles were measured using a B-mode ultrasound imaging device (LOGIQ Book Xp; GE Healthcare Japan, Tokyo, Japan) with an 8-MHz linear array probe, as described previously [13] . Longitudinal ultrasound images of the lumbar erector spinae and psoas major muscles and transverse ultrasound images of the lumbar multifidus muscle were taken bilaterally in the prone position. The measurement sites were defined as 7 cm lateral from the L3 spinous process for the lumbar erector spinae and psoas major muscles, and 2 cm lateral to the L4 spinous process for the lumbar multifidus muscle. A 58-dB gain, 69-Hz dynamic range, and time gain compensation with the neutral position were used for all measurements of lumbar back muscles. Dynamic focus depth was set to the depth of the lumbar back muscles. From the obtained images, EI was determined using image processing software (ImageJ; National Institutes of Health, Bethesda, MD, USA). Regions of interest were set at a depth of 2.0-3.5 cm for the lumbar erector spinae muscle, 1.5-2.5 cm for the lumbar multifidus muscle, and 3.5-5.0 cm for the psoas major muscle, avoiding the surrounding fascia.
The mean EI of the region was assessed by computerassisted 8-bit gray-scale analysis and was expressed as a value between 0 (black) and 255 (white). Enhanced EI indicated an increase in the amount of intramuscular noncontractile tissue (i.e., adipose and fibrous tissue) within the muscle. The mean values of the thickness and EI for the right and left muscles were used for analyses.
A previous study has shown a high degree of intrarater reliability of the ultrasound technique for measuring the MT and EI of lumbar back muscles [13] .
Statistical analyses
Statistical analyses were performed using SPSS version 17.0 (IBM Japan; Tokyo, Japan). Partial correlations between usual and maximal walking speeds and spinal alignment, MT, and EI with age as a control variable were investigated after normality of the variable was evaluated using Shapiro-Wilk tests. Stepwise regression analysis was employed to investigate the associations with walking speed, using spinal alignment in the standing position, MT, EI, and age as the independent variables. The variance inflation factor (VIF) was examined to monitor for a multicollinearity effect. P values of \0.05 were considered significant.
Results
Results of walking speeds, spinal alignment in the standing position, MT, and EI are presented in Table 1 . Table 2 indicates the partial correlation coefficients between walking speed and spinal alignment, MT, and EI with age as a control variable. Usual walking speed showed no significant correlations with any of variables. Maximal walking speed showed a significant positive correlation with the thickness of the lumbar erector spinae muscle, i.e., maximal walking speed decreased with decreased thickness of the lumbar erector spinae muscle.
Stepwise regression analysis revealed that only age was a significant and independent determinant of usual walking speed, i.e., usual walking speed decreased with aging. The VIF value was 1.00, which had no multicollinearity effect in a regression equation. In the stepwise regression analysis for maximal walking speed, only the thickness of the lumbar erector spinae muscle was a significant and independent determinant, i.e., maximal walking speed decreased with a decrease in the thickness of the lumbar erector spinae muscle. The VIF value was 1.01, which had no multicollinearity effect (Table 3) .
Discussion
Investigating the risk factors of decreased walking speed is important for preventing a decline of walking ability in middle-aged and elderly individuals. To the best of our knowledge, this is the first study examining whether spinal alignment in the standing position and MT or EI of lumbar back muscles are independent variables for walking speed. It is also the first study clarifying whether spinal alignment in the standing position, or MT or EI of lumbar back muscles have greater influence on walking speed in middle-aged and elderly women.
As a result of having examined the factors associated with walking speed, stepwise regression analysis showed that usual walking speed decreased with aging, and that maximal walking speed decreased with a decrease in the thickness of the lumbar erector spinae muscle. Chiu et al. [15] has demonstrated that changes in electromyographic activities in the lumbar spinae, biceps femoris, and medial gastrocnemius muscles showed a marked increase with an increase in walking speed. Anders et al. [16] has also demonstrated that the electromyography (EMG) of the lumbar erector spinae muscle changed in activity amplitude, but not in activity pattern, with an increase in walking speed in healthy subjects. Furthermore, Thorstensson et al. [17] has documented with electromyographic analysis that the main function of the lumbar erector spinae muscle is to restrict excessive trunk movements during walking. The erector spinae muscle may be important in controlling the sagittal and frontal movements on the trunk dynamically during walking, because this muscle has a large moment arm of extension and lateral flexion on the spine [18] . The present study showed the association of the thickness of the lumbar erector spinae muscle with maximal walking speed, not with usual walking speed. This is probably because more swift control of trunk movement is required for maximal walking compared with usual walking. The present study showed that the thickness of the lumbar multifidus muscle was not associated either with usual or maximal walking speeds. The deep muscles of the back such as the lumbar multifidus muscle contribute to lumbar spine stability [19] [20] [21] . It has been demonstrated that the EMG activity of the lumbar multifidus muscle increased with an increase in walking speed in healthy subjects [16, 22] , which suggests that the lumbar multifidus muscle has an important role in walking. However, in a previous study [23] examining age-related changes of the back muscles using an ultrasound imaging device in elderly women who were able to perform activities of daily living independently, an age-related atrophy was observed in the erector spinae muscle, but not in the multifidus muscle. Therefore, the lumbar multifidus muscle might not be associated with walking speed due to its lesser age-related atrophy.
In addition to the lumbar multifidus muscle, the psoas major muscle also contributes to lumbar spine stability [24] [25] [26] . The psoas major muscle is known to show a marked age-related atrophy [27] . Although the EMG activity of the psoas major muscle increases with an increase in walking speed [28] , the thickness of the psoas major muscle has shown no difference between elderly women who were able to walk at a maximum walking speed of more than 1 m/s and elderly women who were not able to walk fast [29] . These previous studies suggest that despite the remarkable age-related atrophy observed in the psoas major muscle, there is only a minor influence of its muscle mass on walking speed among elderly individuals. Therefore, it is confirmed that no correlation was observed between the thickness of the psoas major muscle and walking speed in this study. MT muscle thickness, EI muscle echo intensity * P \ 0.05 In our study, there was no significant association between walking speed and EI in either of the lumbar back muscles, which suggests that walking speed may be influenced by age-related decreases in muscle mass rather than age-related increases in the amount of intramuscular noncontractile tissue within lumbar back muscles.
Furthermore, our results showed that there was no association between maximal walking speed and spinal alignment in the standing position, which is inconsistent with the results of a previous study [14] indicating the association between maximal walking speed and lumbar lordosis angle in elderly individuals. The inconsistency of these results might be influenced by the small sample size in our study.
The present study had several limitations. First, the measurements of MT and EI targeted only the lumbar back muscles. Second, we did not measure muscle strength in the lower extremities, such as knee extensor strength, which is known to be associated with walking speed in elderly individuals. Third, the amount of age-related change in spinal alignment, such as increased kyphosis, was slight in the participants of our study. Further studies are required to clarify the association of walking speed with spinal alignment in the standing position, and quantity and quality of lumbar back muscles in middle-aged and elderly women who have increased kyphosis.
The present study suggests that resistance training targeting the lumbar erector spinae muscles may be important to improve maximal walking speed in middle-aged and elderly women. It has been demonstrated that resistance training on lower extremities was effective for improving walking speed in elderly individuals [30, 31] . However, the effect of resistance training of trunk muscles on walking speed in elderly individuals is unclear. Further study is needed to clarify whether improvement in quantity and quality of the trunk muscles, especially lumbar back muscles, leads to improvement in walking speed for middle-aged and elderly women.
Conclusions
The results of the present study suggest that maximal walking speed is associated with the mass of the lumbar erector spinae muscles rather than spinal alignment in the standing position or age-related increases in the amount of intramuscular non-contractile tissue within lumbar back muscles in middle-aged and elderly women.
